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Tests t o  deternine t h e  amoullt cf benzeze- and quinoli3e-insolubie matter 
in pitch a r e  -,ridely xsed 57 producers aEL consumers of pitch.  For example,. sevsrsi  
thcusmd scl;v-ect-irrsol.kles tests are p?rfo,med atmdauy a t  u. 3. S t e e l ' s  pitch- 
prodticing f a c i l i t i s s .  
content of p i t ch  is Sased upon 8 t e s t  that vas &vslcped 5y the Earret t  Company 
(presentbj a division o f  Allied Chemical Corporaticn) . 

The presect t e s t  nethod for  ~ A e t e r m b i ~  '&e benzene-bsoiuble 

Briefly, t h e  Earret t  procedure involves digestion of t he  pi tch sample 
i n  toluene, f i l t r a t i o n ,  an& then extraction of the residue in reflux- benzene. 
Because of the'  tine-consuming extraction phase, the Barrett  t e s t  requires in excess 
3f 24 b o a s  t o  c o q i e t e .  
especially io plant control work, prompted t h e  Applied Research Laboratory of U. S. 
S t ee l  t o  develop a rapid benzene-insolzbles t e s t  t ha t  could be completed in about 
6 hours. 

The undesirabil i ty of lengthy a a l y t i c a l  procedures, 

This paper describes the sal ient  f e a e a s s  of +A= rapid aenefnoci fo r  derer- 
mining the benzene-insoluble content sf pitch.  
quinoline in sohb les  i s  a l s o  &esc?ikeci azd d ismssed  brlsS.J-. 

A r%! id  nethod far A e t e ~ A h g  

Expsr imes ta l  Wcrk 

me % r e t <  method f o r  i i s t e w  b e u e r a  ksokik les  i s  an O p i r i c a l  

T 3  &if,?, 23 ST4 ( h r i c a n  
rcethcd -;La* bas be52  sed tk-au$Oilf; t he  industry ,Tier a mabe? 02 yzars and has 
Seen sccepted as  a mr~ c r  l e s s  stasdard pmced'ae. 
Society for Test ing Materials) test cethcd for beueni hsolu3les has been 6evissd. 
Ia devzioping a rapid =tho&, t ' l a  fouow-icg ckjectives bier2 f b d :  (1) The tw 
required t o  c o 4 l z t e  %e test sho1;18 1- 8 hocrs or l e s s .  
by the  new method shcu3 .3e eqxi-r%leri; t c  those o-atainitd by the Bz;Tett rrethod. 
( 3 )  E e  general F r b c i p i e i  of l i qes t i an  azd e-cract ion should be r e ~ i n e d .  

(2) The values obtained 

The ragi& 'cs?ners-iassl&it t e s t  cioselg 6uplicstes t he  Eiarrett rethod 
in a l l  phases except that the s izz-ccns is t  Gf the p - r t i c k s  in t h e  sample i s  
controlled arid t h z  r e f lux  e-utrsctior a>paratus asd t e c k i q u e  are  chacged. A 
number of  modifications ha-ze been m8e in the procedce  and in t he  des+@ o f :  the 
apparatus. 
method but in much l e s s  time. T& aT2arstus u s ~ 9  ia each method is shown in 
Figure 1. i n  the 3 e w  De!ethod, t h e  q e c i a i  extraction f l a sk  and t he  f i l t e r  pager 
thimble of the Earrett test a r e  replaced Kith tne more nodern and ver sa t i l e  
Soxhlet extraction apparatus and Soxhlet paper extrsction thimble. 

These c h w e s  o r w i d e  t b s  sme deqrss c f  extraction as t he  3arrett 
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L q o e a n t  added featxr-as of tk S c x U s t  e-xtraction apparatus a re  shorn 
i n  Figure 2 .  The wire spacer, wkich r e s t s  cn t h e  bottom of the  extraction cup of 
the  SOxhlet apparatas, posit ions the thimble so  t h a t  the  miedle of the  thimble is  
a t  the  top of tfie siphon tcbe. 
thimble and a t  the  same time prevents loss of sample t'mough cverflow. 
guide, bu i l t  onto the  bottom of the con&e2ser, d i r sc t s  a l l  of t he  refluxing stream 
i z to  the  thimble. 

This prcvi&es an adequate l i qu id  l e v e l  in  the 
A reflux 

Without the gdide, ccrsiderable sclverit by-passes the  thimble. 

The coal-tar pitches selected f o r  use in t h i s  study represent a wide 
r a w e  (15 t o  35 w t  $) of benzene-insolable coEtents. 
more comon properties c;f these pitches.  Three cf the  pitches were obtained from 
t a r s  recovered da-ing t h e  h i g h - t e q e r a k r e  carborizatiar cf bi tunimus coal. The 
f o u t n  p i tch  was przducsd fzom tsr' from t h e  low-tempsrat?ll-e carbonizstion of sub- 
bitiunizious coal. The t a5 le  shovs tke berzene-insol~st~le cs?tezt cf t he  pitches a s  
detzrmired Sy the 3arrz';t net>&. 

\ 

Table I shows some of t he  

13 the z w  raTid method, s t s l l a r d  s a p l i n g  pro;&i-es ( A S M  D 140-55 and 
ASM D%-35) arz followed t a  i m - z e  t h s t  tke  ps r t io2  used f o r  ans lys i s  i s  represen- 
t a t ive  c,f t ~ a  pi5ch sarpls.  IL a&ditica, whan t??? pi';ch i s  s e f i c i e z t l y  hard it is 
gromd %c pass tk-mgh a U. S. %. 6G s lese  ard the  t e s t  smple  i s  collected f r o m  
material :etsine& G X  a U. S. E.2. 100 siece.  This i s  dcze $2 cS';ain a sample with 
a pa r t i c l e  s ize  (0.0058-b. t a  9.0082-in. diame-;er) t h a t  w i l l  irsure good solvent 
contact. The pa r t i c l e s  should be sLLfficisr,tly m a l l  so  t h a t  the  s o l v a t  car: be 
rapidly absorbed, bGt not so small t ha t .  agglmerstion o r  packiw cf f ines  can 
prevzat or r e t a rd  solverk contact .  Tnhs sample size i s  aLj3j.lstz.l t o  y ie ld  apcrox- 
imately 0.25 gram of insohk19 material  ( x u a l l y  1 cr 2 @;rams). 
weighed into a 'oesker axd digested 5 60 m i u s i t e r s  (d) o f  t o h s z e  f o r  30-minutes 
on a steam bath. The crzfez ts  of the Sesker aze:tl;sn t z w s f e r r d  t o  a 30- by 77 m 
(si.n.gle ;eight) Soxhls t  e-xkacticx thimSle t h a t  has been ~ i e v i ~ d s l y  t a r ed  in a 
weighing bot t le .  
irsolx31e matter i s  5res fer r23 .  t o  %he thiuibli by the  cse o f  a brush and a small 
31~15)12?t of t o l u e x .  
the suspension has passed t h r o q h  t'e thim'cl?, ths thinhle i s  xashed with b a z e n s  
as& tbex placed bLtc 8 44-rn Soxllef  aqarat 'Js fo r  extractic?.  
graamlly to the f l a sk  ts avoid th?  p s s s i b i l i t y  of l i @ d  erqtL?g k t a  the extrac- 

close atte2:ior c,f t h e  q a r a t ~ .  Onze the desire& thro7@-p-k i s  achieved, the 
test will proceed p rac t i ca l ly  xzatton&e.d. 
of 4 i?c;.cs x i th  a sipnozing cycle of as2PrixWtely three  nin-ites. 
inatss a so l -en t  yeflux r a t e  of ab.oi;t l81X m l  per  Lo-=. 
the thimble is  zell?~~-~-~?l, air-dz-iei for  15  r i z s t e s ,  oven-h-ied fc.; 30 mirutes a t  
105 C, ccolnd i2 a d e s i c c s t x ,  ami wsighed. S i x  hsilrs a,n9 r.?qLi-ed to complete 
the di temicat ion cf LIS a r x m t  cf s a q l e  ksc l l ib ie  ia b e r z s x .  

Tf?s sample i s  

The thiTbls i s  placed i n  a crucible hcLder mer a bsaker and the  

F i g a x  5 shows t k i s  operation. tka tha  l i qu id  portion of 

Eeat i s  applied 

L .  b i o n  tu3e. The gradilal heatL7 per i s2  recpirzs aTproxizately 1s miciites snd the  

Tie sxtraztisr:  is c:r?&ict& f c r  a t o t a l  
This approx- 

A t  the  ezd of t h i s  period 
, 

Res-dts a33 Discussioz 

Seysral st?ps were 7?.rGki2z in arri-ring at, the FXPC cpirating ccndi- 
Zions fo r  the Soxhle5 e z r a c t o r .  They were (1) determination of t h s  pe-rmeability 
of ?;he ~ o x 3 l e t  thimble r e l a t ive  t 3  the f i l t e r -psper  thimSle, (2) establishment of 
the  xaxim3m tlrou&p-& capacity f o r  bzrzzne in t he  Soxhlet apparatus, and (3) 
e s t a b l i s h a n t  of ths tAhroughput of benzene in the Far re t t  apparatus when operating 
a t  the recommegded Soilup r a t z .  



That the Soxhlet thimble is no more permeable t o  the  retained insoluble 
matter than i s  the f i l t e r -paper  thirriole was established by az experimect in which 
t h e  Soxhlet thimble was used in the extractio3 apparatus of the  Barrett method. 
This experiment showed t h a t  the tlse of t he  Soxhlet thim3le gave results ident ica l  
t o  those obtained in a test  i n  vhich the  fi l ter-paper thimble was used. 

The Soxhlet thimble was fomd t o  be capable of handling a l l  the  benzene 
returned t o  the  siphon cup of the  Soxhlet extraction apparatus a t  maxirmun boilup, 
which was 1800 m l  per hour. 

The average thoughput  of benzene in  the  Barrett  tes4. (about 80 drops 
per  minute) is  about 6600 m l  in 24 hours. 
paratus required s l igh t ly  less thao 4 hours t o  reflux the same quantity of benzene. 

A t  maximum boilup, the Soxhlet ap- 

Another matter ‘that has considered concened the tenrperatures t o  which 
Sinze the  erkerior of the thimble t h e  samples e r e  su5jected i n  the  rapid t e s t .  

i n  the Soxhlet apparatlls is p a r t i a l l y  immersed in the bamene condensate during 
a portion of *the extraction cycle, it was conceivable t h a t  the  condensate could 
lower the t e a p e r a t r e  of t he  coxtexts of the  thinble.  In the  Barrett apparatus, 
t h e  thimble is constantly bathed ?y solvent vapors and refluxing s?lvent. 
ascer ta in  whether t k r e  was a temperature d i f f e r a c e ,  an experiment was performed 
i n  which thermocouples were suspended in the l iqu id  and vapor portions of the  sol- 
vent i n  an operating Soxhlet extractor.  
temperature d i f f e ren t i a l  was within one degree Ce3tigrade. A t hemcoup le  was also 
suspended i n  the  vapor p x t i c n  of the  Barrett apparatus and it was established that 
t he  vapor temperatures =-re the  same ir? both apparatus. 

To 

A f t e r  the f irst  few siphon cycles, the 

The rapid benzene-insolubles t e s t  was performed by each of three opera- 
to rs ,  who conducted three dLplicate t e s t s  on each p i tch  sample, t o  establish the 
repea tab i l i ty  of the  t e s t .  The resu l t s  of the  t e s t s  a r e  shorn i a  Table I1 and 
p lo t ted  in Figure 4.. The horizontal  l i n e  across the  center 3f t he  chart  in 
Figure 4 represents a scale f o r  benzeils-insolubles v a l i i s  as determined by the 
Barrett  t e s t  method. Tie p c h t s  02 the scale a re  the average of three dupliczte 
determinations f o r  benzem-i3soluble ccntents of th2’ fovr samples wh=n t e s t ed  ‘OJ 

the  Barrett method. 
percentage of sample, fron tke values sS$air~,d 3y the  Earrett  method ( the  horizontal 
center l i n e ) .  m e  l i nes  G g r e s s x g  frcm the  horizoztal  ceater line rzpzesent the 
limits of reproducibil i ty a s  established by the  Sa r re t t  meA%.od. 
i n  percentage of sample a s  0.1 -i C.05 x percent insclubla m t t e r  7 3  benzene. The 
points above and ‘selow t s e  c e r t e r  l b e  represent the valczs o3tsiaed 5~ the rapid 
benzene-insolu51-s methcd. 
and each point represerts a mew v a h z  as determined from 5he v a h e s  of  auplicate 
t e s t s ;  a s  s t a t ed  before, each Gqerator performed three  dqd ica t e  t e s t s  or s ix  
t e s t s  per p i t ch  sample, ZG obtain three ne= values f o r  comparison v i th  the stand- 
ard value (center l h i 3 J .  

The -rertLcal scale represects t h e  deviation, expressed i n  

This i s  expressed 

Tce Lifferezt symbols represent differen2 opzrators 

A s  may be seeE on tne grappn, most of the values o3taineL by the rapid 
procedure f a l l  within the limits of reproducibility s e t  for  the values by the 
Barrett method. 

Mean and standard deviation values fo r  each of the pitches analyzed by 
the rapid method are  shown i n  Table 111. 
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Because of the exceptionally good reproducibil i ty and the  savings in 
time, we f e e l  the rapid t e s t  method f o r  benzene insolubles is a good replacement 
for  the Barrett t e s t  method. 

Quinoline Insolubles 

The l e s s  time-consuming a quali ty control t e s t  o r  specification t e s t  is, 
the more desirable it is. 
the portion of sample insoluble in quinoline r equkes  only about 3 hours t o  
complete, the poss ib i l i t y  of shortening the time requirement was investigated. 
As i n  the investigation of the rapid benzene-insolubles t e s t ,  the objectives 
included the l imitation t h a t  the  empirical values a s  obtained by t h e  presently 
used procedure would be duplicated, and tha t  t he  general p r inc ip les  of digestion 
and extraction should be retained. 

Even though the commonly used method fo r  determining 

A t e s t  meeting these requirements was developed which could be completed 

Time requirements were decreased by changing the  techniques of 
in l e s s  than 1 hour. 
i n  principle. 
extraction and drying. 

The new rapid procedu-re d i f f e r s  l i t t l e  from the  old procedure 

ExperFmental Work 

The p i tch  samples tes ted  were the same as  those used i n  the  benzene- 
insolubles study. Also, the  same techniques of sample preparation were followed. 

s ize  t o  
fo r  two 

In the rapid quinoline-insolubles test, a weighed sample of suf f ic ien t  
yield 0.1 gran of insoluble material  i s  digested with hot (170 C )  quixoline 
minutes. The digested sample i s  then f i l t e r e d  with the  a i d  of suction, 

as shown in Figure 5, through a Selas crucible ( f ine  porosity) containing a quan- 
t i t y  of diatomaceous f i l t e r  aid. When substantially a l l  of the  material has been 
transferred from the  beaker t o  the  crucible, t he  beaker i s  rinsed Kith 20 m l  of 
hot (170 C) quinoline; t h i s  material i s  a l so  transferred t o  the  crucible. Any 
par t ic les  tha t  adhere t o  the  beaker a re  washed in to  the crucible with benzene. 
The f i l t e r  cake i n  the c,ncible i s  then washed with 80 ml. of benzene and then 
with 80 ml of acetone. After the acetone wash, the f i l t e r  cake is  dried while 
s t i l l  under suction by means of a 250-watt infrared lamp mounted about 12 inches 
above the crucible. 
t o  r e w e  the small amount of acetone vapors tha t  a r e  evolved. 
15 minutes), the crucible i s  cooled in a desiccator and weighed. 

T h i s  operation should be conducted i n  a well vent i la ted  hood, 
When dry (about 

Results and Discussion 

To develop a rapid quinoline-insolubles t e s t  msthod tha t  would re ta in  
the basic principles of t h e  old nethod, it was necessary t o  reduce the  time re- 
quirement by a l te r ing  the techniques of operation. 
t ions of digestion. 
quinoline from 80 C t o  l7O C and shortening the  time of digestion from 20 t o  2 
minutes did not a l t e r  the end result. Adding an acetone wash t o  t h e  procedure 
shortened the drying process. The acetone removes benzene, which i s  more dif-  
f i c u l t  t o  vaporize, from the  quinoline-iasoluble matter. Subsequent removal of 
the  acetone was quicfcly accomplished by the application of heat fron a heat l a m p .  
F'urther time savings were derived by using previously dried crucibles and f i l t e r -  
a id  material. 
w e d  l e s s  than 1 hour t o  complete a s  opposed t o  the  3 hours fo r  t he  old method. 

One area stadied was the condi- 
It was detexnined tha t  idcreasing the  temperature of the 

The sum of these time savers resulted i n  a rap id  method tha t  re- 

' I  

i 



Table N and Figure 6 show the  r e su l t s  of rapid quinoline-insolubles 
Tre horizontal  l i ne  across the center tests a s  determined by three  operators. 

of the chart  represents a sca le  f o r  quinoline-insolubles values a s  determined 
by the old method of t e s t .  The points on the  scale a re  the average of t k e e  
se t s  of duplicate determinations of quinoline-insoluble contents of the four 
samples t e s t ed  by the  old method. The ve r t i ca l  scale represents the  deviation, 
expressed in percentage of sample, from the  values by the old method (the 
horizontal center l i n e ) .  
the  limits of reproducibil i ty a s  established by the  old method. This i s  ex- 
pressed i n  percentage of sample a s  0.10 + 0.02 x percent insoluble na t te r  i n  
quinoline. 
obtained by the  rapid quinoline-insolubles method. The different symbols 
represent different operators and each point represents a mean value a s  deter-  
mined from the  values of duplicate t e s t s .  Each operator performed three dup- 
l i c a t e  t e s t s ,  or six t e s t s  pe r  p i tch  sample, t o  obtain three mean values fo r  
comparison with the standard value or center l i n e .  

The l i nes  digressing from t h e  center l i n e  represent 

The points above and below the  center line represent t he  values 

A s  was true with t he  benzene-insolubles values, neariy a l l  the quinoline- 
insolubles values obtained by the rapid nethod f a l l  ??i.tnin t ke  limits of repro- 
duc ib i l i ty  s e t  for  t he  values obtainable by the old method f o r  quinoline insolubles 

Mean and standard deviation v a h e s  f o r  each of the  samples analyzed by 
t h e  rapid method are  shown in Table V. 

sumaary 
Methods have been developed fo r  the  rapid determination of benzene- 

and quinoline-insolubles in pitches.  The rapid benzene-ixsolubles t e s t  requires 
6 hours t o  complete as compared t o  the 24 hours necessary fo r  the  generally used 
Barrett  method. The rapid quinoline-insolubles t e s t  requires 1 hour t o  complete 
a s  opposed t o  3 hours for  t h e  old method. 
methods cor re la te  w e l l  with those of the  standard methods. It i s  hoped t h a t  the 
time advantages gained warrant the consideration of these rapid t e s t s  as accept- 
able methods fo r  analysis of benzene- and quinoline-insoldble matter. 

Results obtained with the  rapid t e s t  

i 

i 
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Takle I 

Properties of Pitches 

P i tch  
A B C D 

Benzene Insolubles, w t  $I 14-73 22.57 33.94 35-42 
Quinoline Insolubles, wt $I 2.25 9.98 12.23 28-99 
Softening Point, C 78.3 105 * 5 u7.5 64.9 
Cpke Value, wt '$ 42.5 56.0 58.9 35.8 

Table I1 

Results of Benzene-Insolubles Determinations 

Rapid Method 

Operator Run No. 

I 1 
2 
3 
4 
5 
6 

I1 1 
2 
3 
4 
5 
6 

I11 1 
2 
3 
4 
5 
6 

Barrett  Method 

* Mean values 

- I - Pitch,  w t  '$ 

14.17 
14.26 l4 ' 22* 

13.85 14' l8 
14.50 

14.82 15.02 
15.22 

13'% 14.00 14.13 
13.63 iJ .89 

13 - 37 
l4*j2 14.50 14.69 

15.40 15.35 15.31 
15.08 
15.97 

14-73 

15-53 

21.72 32.60 J6.09 
2L.80 32.39 32.50 35.60 35*85 
21.61 3422 3.01 
22.46 22'04 34.39 36.10 _.  

33-70 33.60 34.90 34.35 
33.50 34.82 21' 'I. 21.92 22.40 

22.50 
23.44 22*97 
21*61 21.51 21.41 
22*57 22.90 23.22 

33.55 33.5'; 

33.55 33.55 
33.33 

33- 59 

33.17 32*92 33.04 

37.29 s.96 
36 -63 
36*84 36.70 36.56 
36m33 36.43 36.53 

36-36 36.64 32.20 
33. a3 36.91 22'06 22.04 22.02 

23.38 33'77 34.00 36'19 36.01 

22*56 22.20 35*05 35.00 
23.64 23*51 34.24 35.83 

35.74 35.44 35 * 14 21.85 34.94 

22 * 57 33.94 35.42 
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Table III 

S t a t i s t i c a l  Data f o r  the  Rapid Benzene-Insolubles Test 

Pithh 
A B C D 

Number of Runs 18 18 18 18 

Mean 14- 53 22.31 35.57 36.10 

Standard Deviation 0,663 0.718 0.912 0.682 

Table IV 

Xesults of a inol ine- Inso lubles  Determinations 

Rapid Method 

Operator Run No. 

r, 1 
2 
3 
4 
5 
6 

I1 1 
2 
3 
4 
5 
6 

I11 1 
2 
3 

' 4  
5 
6 

Pitch, w t  $ 
A B C D 

2.20 10.21 12.16 29.46 
2.22 2'21* 10.26 12.17 *'l7 29.98 a'22 

'-33 2.32 2.30 
2'28 2.29 2.30 

2.27 2.28 2.28 

10.26 
9.74 

10.20 
10.23 
10.24 
10.17 

2.33 9.84 
2.45 2.39 10.05 

10.13 2'22 2-29 2.35 
10.29 2*45 2.40 2.32 

10.00 

10.22 

10.20 

12.17 
12.18 
12.93 
12-79 
11-93 
12.94 

12.18 

12.96 

L2.44 

28 * 99 
28.86 
28.95 
28.90 
28.92 
28.85 

28.94 

28.93 

28.89 

12.31 28.47 9.95 13-27 12-79 28.76 28-62 
10.12 12.13 Q.41 28 28:79 64 28.72 

12.69 
10.30 12s27 12-25 12.23 28.38 28.s 

28.33 

Barre t t  Method 2.25 9.98 12.23 28 99 

* Meanvalues 
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Table V 

Statistical Data for the Rapid Qdnoline-Insolubles Test 

Pitch 
A B C D 

Number of Runs 18 18 18 18 

Mean 2.29 10.16 12.38 28.71 

Standard Deviation 0.081 0.150 0.377 0 * 325 

i 
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Extraction Apparatus for Benzene-Insolubles Tests 

Figure 1 

Modifications of Soxhlet Extractor 
for Rapid Benzene-lhsolubles Test 

Figure 2 
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Transferring Insoluble Matter to Thimbles in 
Rapid Benzene-lnsolubles Test 

Figure 3 

OEVIATIOM I N  Z OF SAMPLE 

0 - B I R R E T I  I M D  
ul o-oPERaroR I 

0 0  
+ -  , 0 

8 - -.a 

BENZENE-INSOLUBLES. W T  Z 

Statistical Data for  Benzene-lhsolubles Test 

Figure 4 
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QuinoLine-Insoluhles Filtering Apparatus 

Figure 5 

OUlnOLlME-lNSOLUB~ES. Wl .I. t l  

Statistical Data for Quinoline-Insolubles Test 

F igure  5 
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